Angucycline antibiotic waldiomycin recognizes common structural motif conserved in bacterial histidine kinases.
Two-component signal transduction systems (TCSs), composed of a histidine kinase sensor (HK) and its cognate response regulator, sense and respond to environmental changes and are related to the virulence of pathogens. TCSs are potential targets for alternative antibiotics and anti-virulence agents. Here we found that waldiomycin, an angucycline antibiotic that inhibits a growth essential HK, WalK, in Gram-positive bacteria, also inhibits several class I HKs from the Gram-negative Escherichia coli. NMR analyses and site-directed mutagenesis studies using the osmo-sensing EnvZ, a prototypical HK of E. coli, showed that waldiomycin directly binds to both H-box and X-region, which are the two conserved regions in the dimerization-inducing and histidine-containing phosphotransfer (DHp) domain of HKs. Waldiomycin inhibits phosphorylation of the conserved histidine in the H-box. Analysis of waldiomycin derivatives suggests that the angucyclic ring, situated near the H-box in the waldiomycin-EnvZ DHp domain complex model, is responsible for the inhibitory activity. We demonstrate that waldiomycin is an HK inhibitor binding to the H-box region and has the potential of inhibiting a broad spectrum of HKs.